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Table	1.	Number	and	type	of	larvicide	treatments	at	sites	in	East	Baton	Rouge	Parish	between	31	March	and	15	November	2016.		 	 VectoBac®	 VectoLex®	 Total			 (Bacillus	thuringiensis	israelensis)	 (Bacillus	sphaericus)	 	Site	1	 13	 13	 26	Site	2	 6	 3	 9	Site	3	 14	 16	 30	Total		 33	 32	 65			
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	 To	ensure	sampled	mosquitoes	were	Cx.	quinquefasciatus,	sub-samples	containing	approximately	20	late-3rd	and/or	early-4th	instars	were	taken	from	hatched	egg	rafts	of	sample	sites	and	identified	to	species	using	a	dichotomous	key	(Burkett-Cadena	2013).	Samples	containing	any	individuals	not	identified	as	Cx.	quinquefasciatus	were	discarded.	
Table	2.	Number	and	type	of	adulticide	treatments	at	sites	in	East	Baton	Rouge	Parish	between	31	March	and	15	November	2016.		 	 Aqua-Pursuit™	(Permethrin)		 DeltaGard®	(Deltamethrin)		 Duet®	(Prallethrin	&	Sumithrin)		
Scourge®	(Resmethrin)		 Total	


































































































Table	5.	Water	quality	measurements	from	sites	in	East	Baton	Rouge	Parish.			Site	 	Temp	(C)	 	pH	 Reduction	potential	(mV)	 Total	dissolved	solids	(ppm)	
Conductivity	(μs/cm)	 Salinity	(ppt)	 	Turbidity	




















Table	6.	Comparison	of	water	quality	measurements	from	sites	in	East	Baton	Rouge	Parish,	an	artificially	created	septic	water	analog,	and	lab	water.		Site	 pH	 Reduction	potential	(mV)	 Total	dissolved	solids	(ppm)	
Conductivity	(μs/cm)	 Salinity	(ppt)	 Turbidity	
Site	Average	 7.4	 -8.4	 140	 290	 0.14	 3	Septic	Analog	Average	 7.3	 -14	 220	 455	 0.30	 2	Lab	Tap	Average	 7.4	 -0.40	 0.97	 2.0	 0	 0			 Mortality	in	response	to	the	diagnostic	Sebring	LC99	of	Bacillus	sphaericus,	spinosad,	and	temephos	was	not	significantly	impacted	by	water	type	(Table	7).	Compared	to	clean	lab	water,	mean	mortality	was	lower,	and	standard	deviation	higher,	in	septic	water	that	had	been	treated	with	Bacillus	sphaericus	and	temephos.	However,	none	of	these	differences	were	statistically	significant.		
Table	7.	Susceptibility	of	the	Sebring	reference	strain	in	septic	or	clean	water.	Sebring	Mortality	(±SD)	
Bacillus	sphaericus	 Spinosad	 Temephos	Septic	 Clean	 P-value	 Septic	 Clean	 P-value	 Septic	 Clean	 P-value	93	(±6)	 96	(±5)	 0.62	 99	(±1)	 99	(±1)	 0.96	 91	(±10)	 99	(±2)	 0.49	Mortality	was	measured	in	response	to	a	diagnostic	concentration	(Sebring	reference	strain	LC99)	of	Bacillus	sphaericus,	spinosad,	or	temephos.	Means	were	obtained	by	treating	20	larvae	in	triplicate	with	the	diagnostic	LC99	in	septic	or	clean	H2O,	over	three	determination	dates.	Student’s	T-tests	(α=0.05)	were	used	to	compare	the	effect	of	water	on	mortality.		
3.4		 Discussion		 Sampling	11	field	septic	ditches	over	the	course	of	two	weeks	allowed	for	measurement	of	mean	water	quality	parameters.	On	average,	septic	water	pH	was	found	to	be	similar	to	tap	water;	other	parameters	(reduction	potential,	total	dissolved	solids,	conductivity,	salinity,	turbidity)	were	markedly	different.	Replication	of	septic	water	
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parameters	with	sterile	lab	components	allowed	for	testing	without	concerns	for	sanitary	or	disease	issues	associated	with	human	septic	water,	such	as	hepatitis	A,	which	would	require	utilization	of	BSL-2	facilities	(CDC	2009).	However,	with	the	development	of	a	septic	water	analog,	this	trial	lost	immeasurable	value	in	no	longer	being	a	true	field	efficacy	trial.			 Larval	Cx.	quinquefasciatus	that	had	been	treated	with	the	reference,	diagnostic	LC99	for	Bacillus	sphaericus,	spinosad,	or	temephos	were	not	significantly	affected	by	water	quality.	This	was	expected	for	Bacillus	sphaericus,	as	its	spores	are	persistent	in	sediment	rich	waters	compared	to	other	larvicides	(Yousten	et	al.	1992).	Similarly,	formulations	of	temephos	have	been	used	extensively	in	sediment	rich	water	sources	(Lacorte	et	al.	1996)	as	a	result	of	their	persistence	in	the	water	column.	A	study	using	formulations	of	spinosad	in	field	microcosms	and	mesocosms	found	that	spinosad	maintained	efficacy	in	different	water	sources,	but	that	residual	activity	decreased	with	lower	concentrations	(Jiang	and	Mulla	2009).	In	combination	with	the	results	from	this	study,	these	data	suggest	that	even	technical	grade,	unformulated	spinosad	may	be	able	to	function	at	concentrations	similar	to	the	reference	Sebring	LC99	in	semi-field	conditions.			 Future	studies	would	benefit	from	actual	field	data	in	septic	conditions,	although	risk	of	infection	when	dealing	with	human	excrement	may	be	a	cause	for	concern	(Jewitt	2011).	Additionally,	mortality	data	from	biological	assays	using	diagnostic	concentrations	of	larvicide	were	likely	insufficient	in	measuring	the	impact	of	water	quality	parameters	on	larvicide	efficacy.	Similar	studies	evaluated	the	effect	of	different	concentrations	of	larvicide	in	semi-field	scenarios	(Jiang	and	Mulla	2009),	as	opposed	to	the	single	diagnostic	concentration	used	in	this	study.	While	insect	mortality	can	be	an	indicator	of	insecticide	
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distribution	within	a	medium,	changing	each	water	quality	parameter	(i.e.	total	dissolved	solids)	in	isolation	may	have	better	informed	the	effect	of	septic	water	on	larvicide	efficacy.	
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SUMMARY	AND	CONCLUSION	
	 Mosquito	vectored	parasites	and	pathogens	cause	morbidity	and	death	around	the	world,	but	mosquito	control	has	made	an	impact.	Malaria,	which	killed	1.2	million	people	in	Africa	in	2010	alone,	was	endemic	to	the	United	States	as	recently	as	70	years	ago.	As	was	discovered	with	applications	of	DDT,	which	was	used	heavily	in	the	elimination	of	vectors	of	malaria	from	the	United	States,	extensive	insecticide	use	inevitably	results	in	the	development	of	resistance.	Mosquito	control	districts	need	to	maintain	the	susceptibility	of	their	mosquito	populations,	lest	they	be	faced	with	an	uncontrollable	population	of	insect	vectors.		 East	Baton	Rouge	Mosquito	Abatement	and	Rodent	Control	treats	Culex	
quinquefasciatus,	the	primary	vector	of	West	Nile	virus	in	the	southern	United	States,	with	larvicides	year-round.	One	of	their	most	prominent	larvicides,	Bacillus	sphaericus,	was	sprayed	at	one	experimental	site	at	least	16-times	throughout	the	summer	of	2016	alone.	Maintaining	larvicide	susceptibility	is	important,	especially	for	vectors	of	disease	causing	agents.	The	goal	of	this	study	was	to	evaluate	larvicide	efficacy	in	semi-field	scenarios,	and	to	examine	the	susceptibility	of	mosquito	larvae	in	East	Baton	Rouge	Parish	to	three	commonly	used	larvicides:	Bacillus	sphaericus,	spinosad,	and	temephos.		 Culex	quinquefasciatus	from	East	Baton	Rouge	Parish	were	found	to	be	susceptible	to	both	Bacillus	sphaericus	and	spinosad.	Furthermore,	this	susceptibility	did	not	change	over	the	course	of	the	2016	mosquito	season.	Considering	the	amount	of	Bacillus	
sphaericus	used	historically,	as	well	as	in	2016	alone,	these	data	indicate	that	mosquito	control	has	so	far	avoided	a	detectable	frequency	of	resistance.	Spinosad	was	used	infrequently	to	control	mosquito	larvae	in	Baton	Rouge	in	2016.	Many	mosquito	control	
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districts	are	only	now	beginning	to	incorporate	it	into	their	programs,	following	its	labeling	as	a	mosquito	larvicide	in	2007.	Finding	no	change	in	susceptibility	to	spinosad	in	the	field	was	unsurprising,	yet	positive	with	regards	to	future	use	of	spinosad	in	Louisiana.		 Culex	quinquefasciatus	from	one	site	in	East	Baton	Rouge	Parish,	and	all	three	sites	in	Livingston	Parish,	were	found	to	have	high	frequencies	of	resistance	to	the	organophosphate	temephos.	This	discovery	was	surprising	considering	temephos	is	not	used	as	a	mosquito	control	product	in	Louisiana.	Upon	further	examination	of	the	Baton	Rouge	population,	5-fold	temephos	resistance	was	detected	in	the	spring,	which	increased	to	10-fold	over	the	course	of	the	2016	mosquito	season.	We	hypothesized	that	lowered	susceptibility	to	temephos	may	have	arisen	due	to	cross-resistance	from	other	pesticide	applications.	Organophosphates	were	not	sprayed	for	mosquito	control	at	the	resistant	site	in	Baton	Rouge,	but	the	pyrethroid	resmethrin	was	used	extensively.	Cross-resistance	has	been	observed	in	Cx.	quinquefasciatus	between	both	pyrethroids	and	organophosphates	as	a	result	of	increased	esterase	activity.	Enzymatic	measurements	from	the	resistant	mosquito	population	in	Baton	Rouge	indicated	an	elevated	level	of	esterase	activity,	providing	evidence	into	how	susceptibility	may	have	decreased	in	the	wild.			 Considering	Bacillus	sphaericus	and	spinosad	remain	effective	against	local	Cx.	
quinquefasciatus,	and	since	temephos	isn’t	used	in	Louisiana,	local	mosquito	control	seems	to	be	properly	curbing	the	development	of	larvicide	resistance.	Additionally,	all	larvicides	from	this	study	appeared	effective	in	the	septic	environment	in	which	Culex	females	are	known	to	oviposit.	The	discovery	of	temephos	resistance	without	temephos	treatment	raises	some	concern	regarding	the	selective	pressures	exerted	on	local	mosquitoes,	and	may	be	an	exciting	avenue	for	further	investigation.
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APPENDIX:	GLASS/PAPER	CUP	COMPARISONS	
	
Fig.	11.	Susceptibility	of	the	reference	Sebring	colony	in	response	to	varied	concentrations	of	Bacillus	sphaericus	in	glass	and	paper	cups.	At	least	20	mosquitoes	were	treated	in	triplicate	per	determination.	LC50	and	LC99	were	determined	using	probit	analysis.	Probit	Z-test	(α=0.05)	was	used	to	examine	whether	lines	of	regression	were	identical.	P-value	<0.05	indicates	lines	are	significantly	different	from	one	another.		
	
Fig.	12.	Susceptibility	of	the	reference	Sebring	colony	in	response	to	varied	concentrations	of	spinosad	in	glass	and	paper	cups.	At	least	20	mosquitoes	were	treated	in	triplicate	per	determination.	LC50	and	LC99	were	determined	using	probit	analysis.	Probit	Z-test	(α=0.05)	was	used	to	examine	whether	lines	of	regression	were	identical.	P-value	<0.05	indicates	lines	are	significantly	different	from	one	another.	
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Fig.	13.	Susceptibility	of	the	reference	Sebring	colony	in	response	to	varied	concentrations	of	temephos	in	glass	and	paper	cups.	At	least	20	mosquitoes	were	treated	in	triplicate	per	determination.	LC50	and	LC99	were	determined	using	probit	analysis.	Probit	Z-test	(α=0.05)	was	used	to	examine	whether	lines	of	regression	were	identical.	P-value	<0.05	indicates	lines	are	significantly	different	from	one	another.	
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